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Abstract 
A range of toxicity bioassays which account for the biological effects of the pollutants has been developed to assess the potential 
toxicity risk of chemical mixtures against living cells. The current study aimed to determine the cytotoxic and estrogenic effects 
of treated wastewater effluents discharging into a main River in Tunisia. According to preliminary chemical analysis, high 
organic pollution was detected for some samples of treated wastewater due to high levels of chemical oxygen demand which 
exceeded the Tunisian guidelines. On one hand, significant cytotoxicity on Caco-2 human intestinal epithelial cells was 
registered for the highest concentration of water samples using MTT assay. In fact, the cell viability decrease was dose dependent 
for all the tested samples. On the other hand, Modified E-screen assay confirmed the presence of estrogenic compounds in the 
effluent samples. Estrogenic potencies induced a significant proliferation level of MCF-7 cells in a dose dependent manner. Thus, 
water samples may contain diversity of organic contaminants considered as potentially hazardous complex mixtures and 
representing a potential environmental risk for surface water. The implemented assays pointed out the insufficiency of the 
applied treatment technology to completely eliminate toxic micropollutants from treated effluent which may threaten aquatic life 
and human health as well.
© 2015 The Authors. Published by Elsevier Ltd. 
Peer-review under responsibility of the Euro-Mediterranean Institute for Sustainable Development (EUMISD). 
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1. Introduction
Sewage treatment plant processes are inefficient at eliminating all contaminants from treated effluents [1]. As an
example of persistant contaminants, endocrine disrupting compounds (EDCs) have been reported to interfere with 
the estrogenic, androgenic or thyroidal systems, and to disturb the normal function of tissues and organs [2]. EDCs 
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are emerging as being of major concern for water quality, as they are associated to the increase in disturbances of 
wildlife reproduction and development [3]. Human health impacts that have been attributed to EDC exposure 
include abnormalities in human reproductive health [4], increased incidence of reproductive cancers, immunological 
effects and neuro developmental effects [5] and thyroid disease [4]. Many observations are consistent with the 
hypothesis of chemically induced feminisation of fish at sites near wastewater treatment plants (WWTPs) discharge 
sites. Sex ratios are skewed in various exposed fish populations, and oocytes have been found in the gonads of male 
fish in correlation with the occurrence of estrogenic compounds in water [6]. Numerous chemicals, such as 
polychlorinated biphenyls (PCBs), dioxins, flame retardants, phthalates and pesticides, phenolic compounds and 
their halogenated derivatives, are environmental pollutants suspected of disrupting thyroidal homeostasis. However, 
previous studies, [7, 8], showed that many conventional wastewater treatment processes are relatively ineffective in 
completely removing EDCs from the wastewater. In order to characterise the toxicity and estrogenicity of complex 
water samples, biological tests produce a global response to the complex mixture of chemicals without any prior 
knowledge of the mixture composition or its chemical properties. for cytotoxicity assessment of environmental 
matrices effects on mammalian cells, MTT assay can be applied to evaluate cell viability in the 96-well plate format 
[9]. Among mammalian cell lines used for MTT assay, the Human intestinal epithelial cell line Caco-2 derived from 
a human colon carcinoma, is considered an interesting intestinal epithelium model. In fact, cells lining the 
alimentary tract serve as the first line of defense against xenobiotics that orally enter the body, therefore the impact 
of these compounds on these cells should be determined [10]. Furthermore, a number of assays have been developed 
to detect estrogenic activity of chemicals. In particular, Modified E- screen assay has been the most widely used to 
evaluate estrogenic disruptions using the MCF-7 Human breast cancer cell line according to preceding studies [11, 
12]. This bioassay is sensitive and selective tool for environmental biomonitoring. Such biological assays have the 
major advantage of determining the overall endocrine activity of a mixture. The results of other studies, [13, 14], 
confirmed that In vitro assays have advantages of being rapid, cost effective for the identification of biologically 
active chemicals in water sample  which promotes identification of active substances. 
The current study aimed to assess the efficiency of in vitro biotests in assessing the cytotoxicity as well as the 
estrogenicity of TWW on mammalian cell lines. This survey allows identifying the environmental risks of TWW 
discharge to support decision-making to protect recipient water bodies. 
2. Materials and methods 
  
2.1. Sample collection 
Total of four effluents from WWTPs discharging their effluent in a main River in northern Tunisia were sampled 
using sterile glass bottles in August 2013 (Fig.1). These WWTPs receive municipal wastewater for which they apply 
activated sludge process as biological treatment process. Water samples were pre-filtered through 0.45 μm filters 
(Millipore, MA, USA) to remove debris and suspended material. All samples were transported in a cool box (4°C) 
to the laboratory and stored at -80°C until further analysis. During the field survey, some physicochemical 
parameters were measured in situ such as temperature using Digital Thermometers TX10-01, Yokogawa; pH and 
electrical conductivity (EC) using water quality analyzer D-54, Horiba; chemical oxygen demand (COD) using 
PACKTEST COD; and dissolved oxygen (DO) using water quality analyzer D-55, Horiba. The remaining 
physicochemical parameters were analyzed in the laboratory according to International Standardization 
Organization and French standards (NF). All experiments were repeated at least three times. 
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Fig. 1. Study area and sampling sites. 
2.2. Cells and cell maintenance 
Caco-2 cells were obtained from the Riken Cell Bank (Tsukuba, Ibaraki, Japan) and used for the following 
experiments. Caco-2 cells were maintained as a monolayer culture in DMEM medium supplemented with 10% fetal 
bovine serum (Sigma, St Louis, MO, USA), 1% penicillin-streptomycin (Lonza Walkersville, Inc., Basel, 
Switzerland), 1% non essential amino acids and 1% L-Gluthamine and incubated at 37°C, 5% of CO2. Cells 
passages were carried out at 80% confluence using 0.25% of trypsin. 
MCF-7 cells were maintained as a monolayer culture in RPMI 1640 medium (Tokyo, Japan) supplemented with 
10% fetal bovine serum (Sigma, St Louis, MO, USA), 1% penicillin-streptomycin (Lonza Walkersville, Inc., Basel, 
Switzerland) and incubated at 37°C, 5% of CO2.  
2.3. In vitro analysis (MTT assay) 
Caco-2 cells were plated into 96-well plates at 105 cells/mL in 100 L of DMEM medium and allowed to attach for 
24 hours. After filtration through 0.2 μm filters (Millipore, MA, USA), samples were added to the cells at 
concentrations of 10%, 5%, 1% and 0.1%. DMEM medium only was used as negative control. The cells were 
incubated in a 5% CO2 incubator at 37°C for 24 hours. Then 10 μl of 5 mg/mL of 3-(4,5-dimethylthiazol-2-yl)-2,5-
diphenyl-2H-tetrazolium bromide (MTT) was added to each well. After an incubation of 24 h, 100 μl sodium 
dodecyl sulfate (SDS) was added to each well to completely dissolve the formazan crystals and the cells were 
incubated for another 18 h. Finally, the absorbance was determined at 570 nm using a multidetection microplate 
reader. 
2.4. Modified E-screen assay 
MCF-7 cells were plated into 96-well plates at 104 cells/ml in 100 L of medium and allowed to attach for 24 hours. 
The 4 filter sterilized TWW samples were added to the cells at concentrations of 10%, 5%, 1% and 0.1%. Also, 17-
-estradiol (E2) at 29 nM final concentration was used as positive control (CTR+) while phenol red free medium 
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only as negative control (CTR-). The cells were incubated in a 5% CO2 incubator at 37°C for 3 days before changing 
medium and incubation for another 3 days. Then 10 μl of 5 mg/ml of 3-(4,5-dimethylthiazol-2-yl)-2,5-diphenyl-2H-
tetrazolium bromide (MTT) was added to each well. After an incubation of 24 h, 100 μl sodium dodecyl sulfate 
(SDS) was added to each well to completely dissolve the formazan crystals and the cells were incubated for another 
18 h. Finally, the absorbance was determined at 570 nm using a multidetection microplate reader (Powerscan HT; 
Dainippon Pharmaceuticals USA Corporation, NJ, USA). 
2.5. Statistical analysis 
All experiments were repeated at least three times independently. Mean values were calculated; statistical analysis 
of the results was performed using Student’s t-test to determine the significance of results versus that of the control. 
A value of P < 0.05 was considered significant (*) and P< 0.01 as highly significant (**). 
3. Results and discussions 
3.1. Preliminary chemical analysis 
Table 1 summarizes the physicochemical parameters measured in situ for the selected samples. According to 
Tunisian guidelines for the environmental protection against effluent disposal in the water environment (NT 106.02) 
[15], TWW 2 sample showed high values of COD (120 mg.L-1) indicating the presence of a high organic pollution. 
TWW 4 sample registered high chloride and sodium levels (781 mg.L-1 and 362.62 mg.L-1 respectively) indicating 
the presence of high amounts of salts and impurities and restricting the application of this water for agricultural 
reuse mainly irrigation.  
 Table 1. Water quality parameters of the environmental samples 
NG= No Guidelines 
3.2. Bio-analytical assays  
The cytotoxic potential of environmental samples analyzed in this study was obtained by the MTT viability assay 
which determines the cellular response to a toxicant. It tested the mitochondrial activity, which correlates quite well 
with cell proliferation. Results of the MTT test, shown in Fig. 2, revealed a dose dependent cytotoxic potential for 
the following concentrations of 0.1%, 1%, 5% and 10% of treated wastewater on Caco-2 cells. Toxicity in Caco-2 
cells was significant to very significant (T test, p<0.05 and p<0.01) in contact with the tested TWW samples. In fact, 
the highest concentration of 10% of TWW 1 induced a cell decrease of 40% while 46% of cell decrease was 
identified for TWW 2 and 3. For the highest concentration of TWW 4, almost 12% of cell viability decrease was 
registered. Indeed, municipal wastewaters are an important source of organic contaminants discharged into the 
aquatic environment. Many micro pollutants which are persistent in the environment are not readily biodegraded due 
to poor wastewater management practices [16].  Additionally, various categories of compounds detected in the 
TWW are probable candidates for the observed cytotoxicity depending on the adopted treatment technology and the 
plant’s capacity to reduce total organic carbon concentration, chemical oxygen demand and biological oxygen 
Samples pH  EC (mS/cm)  
T 
(°C) 
DO 
(mg.L-1) 
COD 
(mg.L-1) 
Cl 
(mg.L-) 
 SO4
(mg.L-1) 
Mg 
(mg.L-1) 
K 
(ppm) 
Na 
(ppm) 
Ca 
(ppm) 
TWW 1 7.74 1.95 21.1 2.86 50 284 188.57 31.2 16.34 120.87 139.23 
TWW 2 7.78 1.853 22.1 0.77 120 284 187.95 11.65 21.14 110.8 45.04 
TWW 3 7.88 1.65 22.6 3.58 50 248,5 195.56 30,33 32,68 120,87 167,89 
TWW 4 7.77 3.96 20.3 0.51 50 781 263.49 52,44 26,91 362,62 225,22 
Guidelines 6.5-8.5 NG 25 NG 90 600 600 200 50 300 500 
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demand [17]. These micropollutants have been detected in TWW effluents due to their physico-chemical properties 
and partial resistance to biotransformation [18, 19]. In fact, the conventional treatment systems remove only 
biodegradable chemicals, microbial agents, suspended particulate matter but it has many limitations for removal of 
other toxic micropollutants [20]. Moreover, the treatment efficiency depends on many factors like sludge retention 
time, biomass concentration, temperature, pH value, dominant class of micropollutants [21].  Furthermore, even low 
levels of individual chemicals and combinations of chemicals may pose a potential health risk to humans, animals 
and aquatic life. 
Fig. 2. Viability of Caco-2 cells incubated with TWW samples versus that of negative control CTR (-) (non treated cells). The results are 
expressed as mean ± SD (n = 3), *P < 0.05, **P < 0.01 and they are presented as a percentage of control (100% i.e., medium only). 
Results of Modified E-screen assay for estrogenic activity assessment (Fig. 3) confirmed the presence of estrogenic 
compounds demonstrated by a significant proliferation level of MCF 7 cells in a dose dependent manner. Estrogenic 
activity in MCF7 cells was very significant (T test, p<0.01) in contact with the tested TWW samples. MCF-7 cells 
treatment with the following concentrations 0.1%, 1%, 5% and 10% of TWW samples induced a dose dependent 
estrogenic activity. In fact, TWW 1 and TWW 2 at concentrations of 5% and 10% induced a very significant 
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estrogenic activity. Moreover, cell treatment with 5% and 10% concentrations of TWW 4 resulted in very significant 
estrogenic activity compared to the negative control. These results shed the light on the presence of the endocrine 
disrupting compounds (EDCs) which may include both anthropogenic chemicals produced industrially (such as 
surface active agents, pesticides, polychlorinated biphenyls (PCBs), plasticizers, food additives, birth control pills, 
herbal supplements and cosmetics) and natural occurring compounds (such as sex steroids, plant-produced estrogens 
and heavy metals) [22]. Thus previous findings, [18, 19], reported that EDCs have been detected in wastewater 
effluents due to their resistance to biotransformation. In fact, the conventional wastewater treatment systems remove 
only biodegradable chemicals but not EDCs [20]. Previous studies supported the presence of estrogenic activity in 
treated wastewater issued from WWTPs in Tunisia such as the case of Gammarth, pilot and Mornag WWTP [17].
Fig. 3. Relative estrogenic activities of wastewaters sampled from 4 WWTP discharging in Medjerda River. Medium and 17--estradiol (E2) 
(29nM) were used as negative and positive control respectively CTR (-) and CTR (+). The results are expressed as mean ± SD (n = 3), *P < 0.05, 
**P < 0.01 and they are presented as a percentage of control (100% i.e., medium only). 
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4. Conclusion 
Waste waters may contain a huge diversity of contaminants and they should be considered as potentially hazardous 
complex mixtures, representing a potential environmental risk for surface and groundwater. Due to the constant 
release of harmful substances into the aquatic environment, it is necessary to know their action on the organisms in 
order to avoid triggering a possible unbalance in the ecosystems. This work is a first attempt to investigate the 
organic micropollutants existing in the chemical mixture and responsible for cytotoxicity and estrogenicity effect. 
This finding confirmed that biological tests are indispensable for the reliable assessment of cytotoxic and estrogenic 
potential of treated wastewater in order to protect the recipient river water from sewage effluent continuous 
discharge. There is also a need for chemical analytical characterisation of cytotoxic/estrogenic samples in order to 
identify and quantify the compounds responsible for that potency. the treatment technology adopted by WWTPs 
should be controlled and improved with advanced purification  techniques in order to ensure the protection of water 
resources from further degradation. 
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